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DESCRIPTION 

METHOD AND APPARATUS FOR PROCESSING BRITTLE MATERIAL 

5 TECHNICAL FIELD 

The present invention relates to a method and an apparatus for 
processing brittle materials such as glass, ceramics or semiconductor wafers. 

BACKGROUND ART 

10 It is known that when laser light from a laser light source irradiates 

the surface of a brittle material to be processed, heating distortions due to 
the changes in heating and cooling generated at this time can be used to 
process the brittle material. 

For example, a processing method of the brittle material is disclosed 

15 in JP H3-13040B in which the brittle material is cleaved by guiding a crack 
formed at the start of the processing of the brittle material along a 
processing line by the heat strain of laser light irradiation. Further, in 
Tokuhyo H8-509947 (JP3027768) a brittle material cutting method is 
disclosed, making use of a crack from the surface of the material to a 

20 predetermined depth that is formed by the generation of heat strain by laser 
light irradiation onto the brittle material. 

Representative laser light sources used in this type of processing that 
are commercially available include gas lasers such as HF lasers with an 
emission wavelength of 2.9 jam, CO lasers with an emission wavelength of 

25 5.5 nm, and CO2 lasers with an emission wavelength in the region of 10 ^im 
and the like. Furthermore, solid-state lasers such as ruby lasers or 
semiconductor lasers or the like, which emit a variety of wavelengths, are 
commercially available. 

Of the laser light sources available commercially, laser light with 

30 wavelengths in the region of 1 to 3 jam is used for processing brittle materials 
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such as semiconductor wafers of silicon and the like, while laser light of 
wavelengths in the region of 5 to 10.6 jam is used in the processing of brittle 
materials such as glass and the like. Furthermore, various ceramic 
materials are processed using laser light with wavelengths in the region of 1 
5 to 10.6 (xm. It should be noted that laser light processing is also applied to 
the processing of metals. 

However, according to the processing methods disclosed in JP 
H3- 13040, Tokuhyo H8-509947 (JP3027768) and others, no particular 
consideration is given with respect to the selection of the wavelength of the 

10 laser source used, and it is more often the case that the wavelength of the 
irradiated laser light is not at the optimum absorptance wavelength to 
sufficiently absorb that heating energy within the material to be cut. 
Because of this, temperature increases within the material rely only on 
thermal conduction from heated portions at the surface of the material, and 

15 because a long time is needed for temperature elevation, a long time is 
necessary for laser light irradiation, and an increase in the speed of the 
process is not possible. A separate problem that occurs when irradiation 
time is lengthened is the problem that it is difficult to obtain an accurate 
scribe line if, before the inside of the material reaches the temperature 

20 necessary for the process (crack formation), the surface temperature of the 
material near the irradiating portion approaches or exceeds the material 
melting point, melting the vicinity of the material surface. It should be 
noted that in the method disclosed in Tbkuhyo H8-509947 (JP3027768), 
there is also a problem that cracks cannot be formed deep inside the material, 

25 because a lot of time is taken to heat the interior of the material to a 
sufficient temperature. 

Here then, a number of process methods considering the wavelength 
of laser light have been suggested. In USP 5,138,131 for example a process 
method is disclosed for irradiating glass with laser light in a region in which 

30 a wavelength region (at least 4 |im) with a transmittance close to zero was 
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selected following measurement of the laser light transmittance of the glass 
to be processed to ensure the laser light is sufficiently absorbed by the glass 
to be processed. 

However, in this process method, because the absorptance of the 
5 process material with respect to the wavelength of the laser light is so 
excessively large, most of the irradiated laser light is absorbed near the 
surface of the material and direct heating by the irradiated laser light 
reaches a depth of no more than a few jxm from the material surface. 
Because of this, only the material close to the surface is heated, and the only 

10 energy reaching inside the material is that which is changed by absorptance 
at the material surface from light energy to heat and transmitted by thermal 
conduction. As a result a time lag is generated corresponding to the time 
for thermal conductance from the time of heating the surface vicinity to the 
time the interior is sufficiently heated. This is to mean that in the interior, 

15 there is a delay in crack generation formed by thermal distortion. 

Further, because the surface vicinity of the material is intensely 
heated, in the vicinity of the surface on which the energy of the irradiated 
laser light is concentrated, the above given time lag is compounded and it is 
heated up more than necessary. In a worst case scenario, one portion will 

20 be heated to a temperature near its melting point, which may effect the 
quality of the processed material after cutting. Even further, to make up for 
a reduction in the cutting speed because of the delay in the heating time, the 
necessity will also emerge to rapidly transport to the internal material 
portion a large quantity of heating energy by irradiating the material with 

25 laser light from a laser source with higher power. 



DISCLOSURE OF INVENTION 

In view of this situation, it is an object of the present invention to 
provide a method and an apparatus for processing brittle material at a fast 
30 process speed. 
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The process method of the present invention is a method for 
processing brittle material by irradiating light from a light source serving as 
a heating source onto the brittle material and moving an irradiation position 
of the light along a predetermined line, wherein an absorptance of the light 
5 irradiated onto the brittle material to be processed is set in advance, wherein 
the absorptance of a plate-shaped sample of a material that is the same as 
the brittle material to be processed when irradiated by a light of the same 
wavelength as that irradiated on the brittle material is calculated, using 
that set value of absorptance, and a thickness of the sample, and wherein a 

10 wavelength of light for the absorptance of the processed brittle material is 
selected, based on that calculated value of absorptance, and actual 
absorptance data obtained by actually irradiating a light onto the sample. 

In the processing method of the present invention, it is also possible 
the sample is irradiated in sequence by a plurality of light sources with 

15 mutually different wavelengths, wherein the actual absorptance data of the 
sample is calculated from a measured value of transmitted light intensity at 
each wavelength, and wherein the wavelength of the light is selected using 
this actual data. 

In the processing method of the present invention, it is also possible 
20 to form a reflective layer on a rear side of a light irradiating position of the 
processed brittle material. Further, it is also possible, when the brittle 
material is placed on a table and processed, a reflective layer of that table on 
which the material is placed is formed on a surface. 

The details of the calculation process (calculation to select the laser 
25 light wavelength) to carry out the process method of the present invention 
are given below. 

It should be noted that, in the case of an actual brittle material, there 
may be reflection at the material surface on which the light is incident, and 
there may be reflection at a rear surface of the material, which is the 
30 transmission surface for transmission from the inside of the material 
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through the emission surface. However, at this point in order to simplify 
the discussion, it is assumed that the reflection at the light incident portion 
or transmission portion of this material is small, in this discussion and can 
be ignored. 

5 Also, if the brittle material is used as a cut panel material for 

displays, there may be surface processing on the reverse side of the incident 
surface for forming different kinds of drive or control circuits for screen 
display or control. Also in this case, in order to simplify the discussion, it 
will be assumed that the light is incident on and passes through portions not 
10 subjected to surface processing, and is not affected by surface processed 
portions. 

First, when the object is irradiated in a vacuum by light of a 
wavelength A,o and an intensity Io , the intensity I at a depth z can be 
expressed by I = Io exp(-a z). Here, a is a physical value known as 

15 absorbency which can be expressed as a = (4n I Xo) k = (4n I Xo) n k, where, n 
is the refractive index of the body, and k and k are decay coefficients. 

As shown in FIG. 2, when laser light (intensity Io) of known 
wavelength is irradiated onto a plate-shaped sample S of thickness d, which 
is made of the same material but is a number of times thinner than the 

20 brittle material to be processed, if the laser light is absorbed by A% within 
the sample S, the following relationship applies. 

(1) l±zL = J- 9 I = I 0 exp(-ad) 

I 0 100 

f€A I 100 -A , ,v 

(2) — = = exp (-a d) 

I 0 100 

25 Further, as shown in FIG. 3, if the transmittance of an emitted light 

intensity I' becomes B% when a brittle material W of a thickness D is 
irradiated by light of the same wavelength as that irradiated onto the sample 
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S, the following relationship applies. 
I 1 / Io = exp (-a D) = B / 100 

Using eq (3), exp (-a D) = ((100 - A) / 100) ™* = B / 100 

(4) (100 - A) / 100 = (B / 100) <^> 
5 100 - A = 100 (B / 100) ™> 

= (lOO) D/ d (100)^ (B/100) ™> 
= (100) D/ d B 

(5) /. A = 100 - (l00) D/ d B*™ 

And, using the above equations and the actual data of the 
10 transmitted light intensity through the plate-shaped sample S of thickness d, 
the optimum wavelength of laser light for the brittle material to be processed 
can be selected. This method will be explained in detail below. 

First, the percentage absorptance of the irradiated laser light that is 
best for carrying out the process is decided with respect to the brittle 
15 material to be processed being a thickness D. 

Now, if a percentage B% is determined as the absorptance, the 
absorptance that this corresponds to can be calculated based on the equation 
(5) given above when laser light that is the same as the processing laser light 
is irradiated on to a sample of thickness d which is of the same material as 
20 the material to be processed. The results of this calculation are taken as 
absorptance A%. 

Next, the wavelength region at which the closest value of 
absorptance (actual data) to the above calculated absorptance A% is attained 
is determined by irradiating the sample S of a thickness d with actual laser 

25 light. More specifically, either the sample S will be irradiated by laser light 
with a changing wavelength or it will be irradiated by a plurality of laser 
light types with differing wavelengths. Next, by calculating the actual 
absorptance of the sample S using actual transmitted light intensity data 
obtained at each wavelength by the irradiation of laser light using the 

30 above -noted Equation (l), and comparing this actual absorptance (actual 



data) with the absorptance A% calculated above, the value of laser light 
wavelength that corresponds to the absorptance A% can be found. 

With the above processing, it is possible to select a laser light 
wavelength close to the wavelength that is optimal for the absorptance 
5 characteristics of the brittle material to be processed. 

By this laser selection, it is possible to increase the process speed 
over that of the conventional process. The reasons for this are described 
below. 

Firstly, when the selection of laser light wavelength is inappropriate, 

10 there are cases in which the absorptance within the material to be processed 
is 0%, and most of the energy is transmitted without being absorbed. 
Conversely, when the absorptance within the material is close to 100%, the 
laser light L irradiated onto the brittle material W is absorbed near the 
surface of the brittle material W as shown in FIG. 4. As such, although the 

15 surface portion of the brittle material W will be instantly heated, as the 
internal temperature of the internal portion of the material is elevated by 
thermal conduction, the temperature rise of the internal material portion 
will be delayed by the amount of time necessary for heat to be conducted. 

As opposed to this, if a laser light is selected whose wavelength is 

20 close to the optimum absorptance wavelength of the brittle material to be 
processed as in the process method of the present invention, then the region 
of the internal material portion and surface vicinity of the brittle material 
becomes the absorbing region by the irradiation of the laser light L onto the 
brittle material W as shown in FIG. 5, and a large volume of material can be 

25 simultaneously heated. Thus, the brittle material W can be heated in the 
surface vicinity substantially simultaneously to heating of the internal 
material portion, and the necessary temperature increase obtained within a 
short time, as the internal material portion heating can be completed with 
the only delay caused by the speed of light propagation. As a result, the 

30 process speed can be accelerated. Further, because thermal distortion is 
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generated deep into the internal portion from the surface vicinity of the 
brittle material, it is possible to form cracks deep in the internal portion of 
the brittle material W. 

Even further, as shown in FIG. 6, the change in thermal strain 
5 (unbroken line) generated by temperature increase in the vicinity of the 
heating point is much greater than when selection of the laser light 
wavelength is inappropriate (conventional processing method: broken line), 
and as a result of the thermal strain being concentrated in a narrow region 
in the material, the strength of the thermal strain also increases. 

10 Here, in the present invention, consideration was given that achieved 

a heating method reducing the temperature gradient between the internal 
portion and the material surface portion that is irradiated, thus allowing the 
generation of a relatively small uniform heating band in the thickness 
direction. For example by preheating the process material to a 

15 predetermined temperature, or using a light source with a small light 
absorptance in the material thickness direction will allow a condition in 
which the thermal gradient in the thickness direction becomes small. 
Consequently, when a variety of materials are subjected to the cutting 
process, there may be more materials appropriate for a cleaving process 

20 using a light of a wavelength with a small absorptance. In certain cases, 
even where a portion of the energy is transmitted through the material, 
there is no problem with cuttability itself. Also useful are methods in which 
a reflective layer is formed on a bottom surface or a table surface of the like 
and the incident light is reflected from the bottom surface or the table 

25 surface. It is possible to generate a comparatively uniform heating zone in 
the thickness direction by employing this type of method. 

In the present invention, it is possible by changing the wavelength of 
the irradiated light (in other words by changing the absorptance inside the 
process material) to control the depth of the crack obtained during processing. 

30 Further, it becomes possible to cut the process material with an inclined 



surface by inclining the irradiation angle to approach one face of the 
irradiated surfaces, on either side of the scanning direction of the irradiating 
light. Even with this cut face, a smooth face is obtainable that requires no 
further surface chamfering after cutting just like a normal cut face. 
5 In the current invention, if the irradiated energy permeates 

sufficiently into the depths of the material by the formation of an 
appropriate reflecting layer of a predetermined irradiation position on the 
reverse surface side of the process material or the surface of the table on 
which the material is placed, then effective use can be made of the present 

10 invention for full body cuts in which the process is carried out by letting a 
crack permeate from the surface to the rear side. 

Further, the present invention has the characteristic that the 
irradiating heat of the laser light below the irradiated portion is absorbed 
faster than the heat delivered by conduction. As a result, when irradiating 

15 the laser beam at a predetermined irradiation angle toward the surface of 
the brittle material to be processed, cracks are formed internally that are 
inclined at a predetermined angle from the surface, so that there is the 
advantage that the degree of freedom of the process is increased. 

A processing apparatus according to the present invention, is 

20 suitable to carry out the method for processing brittle material having the 
above noted features, and includes- a plurality of light sources emitting 
mutually different wavelengths of light, a scanning means for transporting 
these light sources relative to the brittle material, an absorptance 
calculating means for calculating, using a set value of absorptance set in 

25 advance and a thickness of a sample, an absorptance of the sample when 
irradiated by a light of the same wavelength as that irradiated on the brittle 
material, a light intensity measuring means for measuring intensity of 
transmitted light when the sample is irradiated by light from each light 
source, an actual data calculating means for calculating actual absorptance 

30 data of the sample from the measured value of the transmitted light 
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intensity at each wavelength as measured by the light intensity measuring 
means, and a selecting means for selecting a wavelength of light that is 
appropriate for the absorptance of the brittle material to be processed based 
on the actual absorptance data and the calculated results of absorptance, 
5 and wherein a light source emitting light of this selected light source is 
selected from the plurality of light sources to process the brittle material. 

In the present invention, the light intensity Io in the vicinity of the 
material surface is pre -measured at the step before processing using the 
light intensity measuring means. After this, the absorptance is calculated 

10 for the internal portion of each material, by measuring the intensity of 
transmitted light at the reverse face of the sample and the processed 
material and comparing it with Io. 

By the irradiation of light (laser light and the like) from a light 
source, the present invention is applicable to cutting processes, whereby a 

15 deep crack is formed in the brittle material, or cleaving processes, whereby 
the brittle material is completely split on the left and right of a process line 
(the scribe line) using only irradiated light. 

Further there is no particular limitation regarding the light serving 
as a heating source in the present invention, as long as it is light of a 

20 wavelength which is changed to heat in the internal portion of the material 
and not absorbed completely at the material surface, and in addition to laser 
light, light having various wavelengths such as visible light, UV light or the 
like or light sources combining a plurality of lasers of different wavelengths 
can be suggested, and by using these light sources and processing using the 

25 heating method which reduces the temperature gradient between the 
interior and the surface of the irradiated portion of the material, it is 
possible to obtain the characteristic points of an increase in speed and 
accuracy and inclined cleaving. As for light sources other than laser light, it 
is possible to use ultraviolet lamps or infrared lamps, and for laser light, 

30 white lasers may also be applicable. 
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Still further, light sources other than single wavelength generating 
laser light sources, heat and light sources radiating a plurality of 
wavelengths, like infrared lamps such as heating lamps and the like may be 
included as the light source used in the present invention, however to 
5 simplify the description of the above explanation, the heat sources have been 
explained with the example of a laser light source that generates a single 
wavelength. 

If a heating lamp is used from within the many products available on 
the market, the data related to the spectral characteristics of those products 
10 can be obtained from the manufacturer, or it can be obtained by a 
measurement. 

When using this kind of light source which radiates light including a 
plurality of wavelength components, then an estimate of the absorptance and 
the transmission can be obtained by focusing on those spectral components of 

15 the wavelength components included in the light from the light source whose 
optical intensity is strongest or on wavelength components with comparable 
strength, and measuring the intensity of the light components of a 
predetermined wavelength band. 

One example of such a method is to use a sample of the material to be 

20 processed having a predetermined thickness and collect data relating to the 
light absorptance characteristics and transmittance when light from various 
light sources is irradiated onto that sample. 

BRIEF DESCRIPTION OF DRAWINGS 

25 FIG. 1 is a diagram schematically showing the configuration of the 

embodiment of the present invention. 

FIG. 2 is a schematic view showing how a plate shaped sample of 
thickness d is irradiated with laser light. 

FIG. 3 is a schematic view showing how a brittle material of 
30 thickness D is irradiated with laser light. 



FIG. 4 is a drawing showing schematically a situation in which only 
the surface vicinity of the brittle material is heated by laser light irradiation. 

FIG. 5 is a diagram illustrating the action of the present invention 
and showing schematically the condition when the regions of the surface 
vicinity and internal portion of the brittle material are simultaneously 
heated by irradiation by laser light. 

FIG. 6 is a diagram illustrating the action of the present invention 
and showing changes in the size of thermal strain generation with respect to 
temperature increase in the region of a heating spot. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The following is an explanation of an embodiment of the invention, 
based on the drawings. 

FIG. 1 is a diagram showing schematically the structure of the 
embodiment of the present invention. 

The processing apparatus in FIG. 1 is provided with a plurality of 
laser light sources 11, 12 ... In, generating mutually different wavelengths. 
For these laser light sources 11, 12 ... In, various types of lasers, including 
semiconductor lasers, gas lasers, solid state lasers or excimer lasers, or the 
like can be utilized. 

It should be noted that, if semiconductor lasers are used as the laser 
light sources 11, 12 ... In, there is no particular problem with the 
arrangement of each laser light source (component), however if a plurality of 
gas lasers, solid state lasers, excimer lasers or others are used, because the 
shape and dimensions of the laser light source will become large, it is 
possible that there may be difficulties arranging all the plurality of the laser 
light sources in the space above the brittle material W to be processed. In 
such a case, a laser light L can be guided from the position where the 
plurality of laser light sources 11, 12 ... In are installed to the surface of the 
brittle material W to be processed using an optical means such as optical 
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fibers or the like. 

The brittle material W to be processed is transported in the X and Y 
directions by a scanning mechanism 2, such as an x-y table. The brittle 
material W is irradiated by the laser light L from a laser light source 11 (or 
5 12 ... In) which is one of the plurality of laser light sources 11, 12 ... In. 
The selection and driving of the laser light source 11 (or 12 ... In) and drive 
control of this scanning mechanism 2 is performed by a data processing 
device 4, as explained later. 

A light intensity measuring device 3 is arranged below the plurality 

10 of laser light sources 11, 12 ... In (below the brittle material W). The light 
intensity measuring device 3 is a device for measuring the intensity of 
transmitted laser light L irradiated from each of the laser light sources 11, 
12 ... In onto a sample S, described below. A measured value from the light 
intensity measuring device is taken up by the data processing device 4. 

15 The data processing device 4 includes for example an absorptance 

calculator portion 41, an actual data calculator portion 42, a selector portion 
43 and a drive control portion 44. Connected to the data processing device 4 
is an input device 5 in order to input the set values of process shape data, 
thickness of the brittle material W to be processed, a thickness of the sample 

20 S, and an absorptance of the laser light L for example. 

The absorptance calculator portion 41 calculates the absorptance of a 
sample S when it is irradiated by laser light L of the same wavelength as 
that irradiated onto the brittle material W to be processed using the set 
values of the thickness of the brittle material W to be processed, the 

25 thickness of the sample S and the absorptance input by operation of the 
input device 5. Specifically, by substituting the values of a thickness D of 
the brittle material W, a thickness d of the sample S and a set absorptance 
value B% into the previously defined equation (5), it calculates an 
absorptance A% of the sample S. 

30 The drive control portion 44 is provided with a process mode, 
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whereby processing is actually carried out, and a test mode, which drives 
each of the laser light sources 11, 12 ... In in order when set by the operation 
of the input device 5. 

When the sample S is irradiated by the laser light L from each of the 
5 laser light sources 11, 12 ... In, the actual data calculator portion 42 
calculates the actual sample S absorptance data from a measured light 
transmittance value, measured at each wavelength by the light intensity 
measuring device 3. It should be noted that the calculation of the actual 
absorptance data uses the equation (l) described above. 

10 The selector portion 43 compares the absorptance A% of the sample S 

as calculated by the absorptance calculator portion 41 with the plurality of 
actually measured absorptance data points calculated by the actual data 
calculator portion 42, and, by a process of finding actual data which shows 
values matching or values close to the absorptance A% as calculated, selects 

15 the laser light source with a wavelength close to the absorptance A%. 

And, when in process mode, the drive control portion 44, while 
driving only the one single laser light source 11 (or 12 ... In) selected by the 
selector portion 43 also controls the driving of the scanning mechanism 2 
based on the process shape data. The laser light L scans the surface of the 

20 brittle material W to be processed by the drive control of these laser light 
sources 11 (or 12 ... In) and the scanning mechanism 2. 

Next, the processing procedure of the brittle material W will be 
explained. 

First, the plate-shaped sample S which is of the same material but 
25 with a thickness of a fraction of the brittle material W (W/n [n* several]) to be 
processed is prepared. 

Using the input device 5, such data as process shape data, the 
thickness d of the sample S and the thickness D of the brittle material W to 
be processed are entered into the processing device 4. Furthermore, it is 
30 decided what the absorptance (in%) of the laser light irradiated onto the 



brittle material of the thickness D should be, and the data processing device 
4 is set to this determined value B%. 

Next, the sample S is arranged above the light intensity measuring 
device 3, and the data processing device 4 is switched to test mode. By this 
5 operation, the laser light sources 11, 12 ... In, are driven in order, the laser 
light L from each of the laser light sources 11, 12 ... In is irradiated onto the 
sample S, and by each turn of laser light irradiation the measured intensity 
of transmitted light of the sample S as measured by the light intensity 
measuring device 3 is taken up by the data processing device 4. 

10 When the measured light transmittance intensities of the laser light 

L from all the laser light sources 11, 12 ... In have been collected, the data 
processing device 4 carries out the calculation of the above absorptance A % 
of the sample S and that of the actual absorptance data of sample S, and 
from the results selects from within the plurality of the laser light sources 11, 

15 12 ... In that laser light source 11 (or 12 ... In) which is closest to the 
optimum wavelength for the absorptance characteristics of the brittle 
material W to be processed. 

After completion of the above processing, the brittle material W to be 
processed is arranged below the laser light source 11, 12 ... In, and the data 

20 processing device 4 is switched to process mode. Thus, the data processing 
device 4 drives the laser light source 11 (or 12 ... In) selected in the above 
process, and by drive controlling the scanning mechanism 2 based on the 
process shape data processes the brittle material W into a predetermined 
shape. 

25 Here, by the irradiation of the laser light L from the laser light 

sources 11, 12 ... In, this embodiment makes possible the processes of either 
a cutting process which creates deep cracks within the brittle material W, or 
a cleaving process in which the brittle material is completely split by 
propagating cracks created in the brittle material W at the start of 

30 processing. 



In the above embodiment, the example given shows an arrangement 
of a plurality of laser light sources, however the present invention is not 
limited to this, and a free electron laser able to emit different wavelengths 
can also be used for example. 
5 If a free electron laser is used then the laser light wavelength 

selection process may be a process of determining the wavelength region in 
which the absorptance is at an optimal condition by altering continuously 
the laser light wavelength while irradiating the sample S with the laser light 
from the free electron laser. And, after the optimum wavelength region has 

10 been determined, it is also possible to carry out processing of the brittle 
material by selecting the laser light source which generates laser light 
having a wavelength included within, or close to the optimum wavelength. 
It should be noted that even after selection of the laser light wavelength, 
that is to say after measurement of the absorptance of the laser light, when it 

15 is possible to make use of a free electron laser apparatus, it is also possible to 
process the brittle material with laser light irradiation with the generated 
wavelength of the free electron laser set to a value close to the optimum 
wavelength found by absorptance measurement. 

It should be noted that, as a light source serving as a heating source, 

20 it is also possible to utilize, other than laser light, a variety of light sources 
such as ultraviolet lamps or infrared lamps or the like, which emit light of 
various wavelengths such as visible light or UV light for example. 

Furthermore, if the amount of energy transferred from the light 
source to the process material is large, an appropriate transmittance means 

25 minimizing energy loss at time of transmittance can be selected instead of 
optical fibers to realize the object of the invention. Concrete examples of 
such a concrete transmittance means include low transmission loss hollow 
optical fibers and hollow waveguides and the like (Matsuura Y. and Miyagi 
M: Applied Physics, vol. 68, pp. 41 - 43, 1993, and Applied Physics, vol. 62, 

30 pp. 44 - 46, 1993). 



INDUSTRIAL APPLICABILITY 

According to the present invention, the internal material portion 
temperature increase is faster than in the conventional art which heats only 
the surface vicinity and as a result of obtaining the necessary temperature 
increase in less time, is advantageous because of the possibility to increase 
process speed. 

Further, because cracks generated by the light irradiation are such 
that they extend to reach the opposite surface after passing through the 
internal portion from the material surface, the cracks form deep within the 
internal material portion and thus the breaking process and separation work 
after laser scribing becomes simplified. 

Moreover, although it depends on the thickness of the material, with 
just the light irradiating process it becomes possible to increase the speed of 
the cleaving process during which the brittle material is separated 
completely along both sides of the scribe line. Thus, it is no longer 
necessary to employ a breaking process where there is high cullet generation 
as downstream processing, so it becomes possible to carry out the scribing 
and splitting work in a single process with no relation to cullets. 
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